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Abstract: Cathechins are members of the large family of polyphenols and major compounds of tea 
leaves. Epigallocatechin-3-gallate accounts for more than 50 % of tea catechins. Their beneficial effect for 
human health is well documented from epidemiological, interventional and in vitro studies as well. Most of the 
health benefits of catechins are related to their antioxidant properties. Retina is a tissue with high oxygen 
consumption and subject to the aggression of reactive oxygen species (ROS). Retinal pigment epithelium (RPE) 
is a monolayer of cells with crucial role in the functioning of retina. Damages of the RPE and photoreceptors are 
leading causes of age related macular degeneration (AMD). It has been suggested that oxidative stress play an 
important role in the aetiology of AMD.   
In this study we investigated the effect of EGCG on RPE cells viability and on cell antioxidant defence 
system. EGCG was delivered to the cells in different concentrations at sub confluence and incubated for 24 h. 
The oxidative stress was induced with 500 µM hydrogen peroxide. The cells viability was determined by MTT 
assay, the inhibition of ROS generation by DCF-DA assay and the activity of glutathione peroxidise and 
superoxide dismutase by using commercial kits.   
EGCG (50-100 µM) treatment of human RPE cells in vitro has not detrimental effects on cells viability 
and determined an increase of viability when oxidative stress was induced by addition of hydrogen peroxide, 
showing a protective effect for mithocondrial enzymes. GPx activity was decreased by EGCG but SOD activity 
increased, both for cells with EGCG alone and cells treated with EGCG and H2O2. EGCG has an inhibitory 
effect on reactive oxygen species generation in the RPE cells by inhibiting the fluorescence of DCF. A diet rich 
in EGCG could contribute to the antioxidant protection and could have beneficial effects in the prevention of 
retinal degenerative diseases. 
 
INTRODUCTION 
 
Oxidative stress is implicated in the pathology of age-related diseases such is Age 
Related Macular Degeneration (AMD) or glaucoma. The main cause of AMD is the damage 
of retinal pigmented epithelium [Beatty et al, 2000; Kopitz et al., 2004; Zhang and Osborne, 
2006]. Oxidative stress is defined as an increase over physiological values in the intracellular 
concentrations of reactive oxygen species (ROS). This situation can occur when there are 
changes in the endogenous activity of antioxidant enzymes (e.g. catalase, glutathione (GSH), 
superoxide dismutase (SOD), metallothionein) and/or concentrations of certain antioxidants 
[Kopitz et al., 2004]. 
It has been suggested that catechins like epigallocatechin gallate (EGCG) acts as 
antioxidant by (a) scavenging reactive nitrogen species and preventing the nitration of 
tyrosine; (b) chelating metal ions, such as copper and iron, to form inactive complexes; (c) 
scavenging free radicals by forming semiquinones [Guo et al., 1996; Kashima et al., 1999; 
Nanjo et al., 1999; Kelly et al. 2001; Sutherland et al., 2006]. Recently, EGCG was shown to 
attenuate lipid peroxidation induced by sodium nitroprusside (SNP) in brain membranes (in 
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vitro) and to counteracts the detrimental effects caused by injection of SNP into the retina 
[Zhang et al., 2006]. 
The antioxidant property of catechins, to scavenge reactive oxygen species formed in 
excess in the cells, contribute to the human health [Zaveri, 2005]. The radical scavenging 
property have been first attributed only to the presence of the ortho-3’, 4’dihydroxy moiety in 
the B ring of their molecule (e.g., catechin, ECG), which participates in electron 
delocalization and stabilizes the radical form, and then to the galloyl group (Fig.1).  
Catechins can exist as 2 geometrical isomers: trans-catechins and cis-epicatechins 
(Fig. 1) due to the 3’, 4’-dihydroxyphenyl and hydroxyl groups at the 2- and 3-positions of the 
C-ring. Each of the isomers, in turn, exists as 2 optical isomers, for exemple (+)-catechin and 
(–)-catechin or (+)-epicatechin and (-)-epicatechin, respectively. (–)-Catechin can be 
esterificated with gallic acid and thus (–)-catechin gallate (CG), epicatechin gallate (ECG), (–
)-epigallocatechin gallate (EGCG), and (–)-gallocatechin gallate (GCG), respectively can be 
obtained [Friedman, 2005].  
The gallocatechins possess a trihydroxyl group in the B ring (3’, 4’, 5-OH) and the 
gallates contain a galloyl moiety attached to flavan-3-ol at the 3 position (C ring), adding 
three more hydroxyl groups, as in the case of ECG and EGCG (Fig.1) [Nanjo et al., 1996]. 
ECG and EGCG with the galloyl group are much more effective than EGC, EC, and C 
without this group [Cai et al., 2006]. Especially, the galloyl group (catechol structure) could 
considerably strengthen the activity. Rice-Evans and collaborators reported that the green tea 
polyphenols have been found to be more effective antioxidants than vitamins E and C, and 
their order of effectiveness as radical scavengers is ECG>EGCG>EGC>EC>catechin [Rice-
Evans et al., 1995]. 
The aim of this study was to investigate the effect of EGCG on the antioxidant status 
of RPE cultured cells.  
 
MATERIAL AND METHOD 
 
D407 RPE cells were grown in high glucose DMEM containing sodium pyruvate, 
penicillin, streptomycin and amphotericin and supplemented with 10% fetal calf serum. Cells 
were grown in 25 cm2 culture flasks or in 96-well culture plates, depending on parameters, 
under 5% CO2/95% moist air atmosphere at 37° C. The EGCG standard (Sigma) was solved 
in culture medium at concentration of 50 µM and 100 µM. Cells at sub confluence were 
incubated for 24 hours with EGCG, the medium was removed and cells were collected by 
trypsination with 0.05% trypsin in phosphate buffer saline (PBS). Cells were treated with 
Triton X 100 for protein and enzymes assay. Sub lethal dose of hydrogen peroxide (500 µM 
in culture medium) was added to the cells for 1 hour (after the removal of medium containing 
EGCG) in order to induce oxidative stress. 
Determination of cell viability was made by MTT 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) assay. Cells cultivated in 96 well plates were washed with PBS 
and incubated with MTT during 2 hours, at 37 °C. Then, the MTT solution was removed and 
cells were treated with DMSO. The absorbance was measured at 550 nm.  
Intracellular reactive oxygen species generation was estimated with 2’,7’-
dichlorofluorescein diacetate which is hydrolyzed and then oxidized by ROS to the 
fluorescent dichlorofluorescin (DCF) [LeBel et al, 1992]. The fluorescence of DCF was 
measured during 4 hours, at 1 hour intervals with the excitation wavelength 485 nm and 
emission wavelength at 528 nm. Total protein content was determined using Bradford assay.  
 381 
Antioxidant enzymes activity - glutathione peroxidase (GPx) and superoxide 
dismutase (SOD) - were measured using commercial kits available from Randox (RANSEL 
and RANSOD).  
RESULTS AND DISCUSSION 
 
 Epigallocatechin-3-gallate (EGCG) (Fig. 1) is the major polyphenolic compound of 
green tea (Camellia sinensis L.). A cohort of in vitro and in vivo studies revealed beneficial 
effects of catechins, especially of EGCG. These studies demonstrated the protective effect of 
catechins against UV radiation induced injuries and in cervical and prostate cancer 
chemoprevention [Nagle et al., 2006; Bettuzzi et al; 2006]. The concentration of catechins 
used for in vitro studies ranged between 10 and 1000 µM. Here we used 50 and 100 µM of 
EGCG for testing their influence on the cells viability. RPE cells were treated with medium 
containing EGCG for 24 hours or treated with 500 µM H2O2 for 1 hour after preincubation 
with EGCG (24 h).  
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Fig. 1. Chemical structure of epigallocatechin gallate (EGCG) 
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Fig. 2. The cell viability of RPE cells treated with EGCG. 
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The H2O2 treatment determined a significant decrease of cell viability (46 %) 
compared with control cells (considered 100 %). Addition of 50 µM and 100 µM EGCG to 
the cells not treated with hydrogen peroxide did not modifie significantly the cell viability, 
which was situated at 97 % and, respectively 100.3 %. In H2O2 treated cells preincubated with 
EGCG an increase of cells viability at 62 % for lower concentration and at 73 % for 100 µM 
EGCG can be observed (Fig. 2). As the MTT assay is a marker of mitochondrial enzymes 
activity, we can say that EGCG protect RPE cells from induced oxidative stress. 
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Fig. 3. Glutathione peroxidase activity in RPE cells treated with EGCG.  
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Fig. 4. Superoxide dismutase activity in RPE cells treated with EGCG. 
 
The activity of two essential antioxidant enzymes – glutathione peroxidase and 
superoxide dismutase - was determined in RPE cells suspension after treatment with EGCG 
100 µM, before and after pre-treatment with hydrogen peroxide. The treatment with hydrogen 
peroxide determined a significant decrease of both enzymes. Addition of EGCG decreases the 
activity of GPx activity but increases the activity of SOD. A small increase of GPx activity 
was observed in RPE treated with hydrogen peroxide and EGCG. EGCG determined an 
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increase of SOD activity in RPE cells and especially in cells treated with hydrogen peroxide 
(Fig. 3, Fig. 4). The effects of polyphenols on antioxidant enzymes may differ depending on 
type of compound and on cell line. For exemple, there are evidences that quercetin down-
regulated the antioxidant enzymes (GPx, SOD and catalase) mRNA expression  but still 
protected against hydrogen peroxide induced oxidative stress in hepatoma cells [Röhrdanz et 
al., 2003].  
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Fig. 5. The effect of EGCG on ROS generation in RPE cells 
 
 DCF assay provides information about the amount of intracellular reactive oxygen 
species generation, which is directly correlated with the increase of DCF fluorescence. RPE 
cells treated with hydrogen peroxide showed a significant increase of DCF fluorescence while 
administration of EGCG does not influence it. However, in cells pre-treated with hydrogen 
peroxide, the addition of EGCG determined a decrease of fluorescence with 35 % compared 
with cells which did not receive EGCG (Fig.5). Similar results were found for other phenolic 
compounds, resveratrol and quercetin, when tested on RPE cells in vitro [King et al.; 2005; 
Hanneken et al. 2006; Kook et al., 2008] 
 
CONCLUSIONS 
 
Administration of EGCG (50-100 µM) in human RPE cells culture has not detrimental 
effects on cells viability and determined an increase of viability when oxidative stress was 
induced by addition of hydrogen peroxide. GPx activity was decreased by EGCG but SOD 
activity increased, both for cells with EGCG alone and EGCG and H2O2. The antioxidant 
effect of EGCG might be mediated by mechanisms which does not involve GPx. EGCG has 
an inhibitory effect on reactive oxygen species generation in the RPE cells acting as 
antioxidant. A diet rich in EGCG could contribute to the antioxidant protection and could 
have beneficial effects in the prevention of retinal degenerative diseases.  
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